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1. Introduction 
Tr~trophenylation by 2,4,6-t~itrobenzene sul- 
fonate of 1 highly reactive -NH, lysine residue/ 
myosin subunit induces a remarkable change in the 
ATPase activity of the enzyme; the Mg2+-ATPase i  
significarrtly accelerated, the maximal activity not 
being enhanced by actin, while concomitantly the KC- 
ATPase is inhibited; these enzymatic properties are 
much less affected when the modification is performed 
in the presence of ATP [ 1,2]. The trinitrophenylated 
lysine is reported to reside on Sl heavy chain [2-4] 
in the large hydrophobic revice of the ATPase site 
[s]. Confu~ng results were fust obtained amino acid 
sequencing around this critical ysine was attempted 
[6] as different TNP-peptides were isolated from the 
starting modified myosin and prevented aconclusive 
structural identification of the trinitrophenylated site. 
It was concluded that the modified lysine resides in 
one of the previously identified TNP-peptides the 
structure of which is Asn-Pro-Pro-Lys [7]. 
As part of our work on the structure-function 
relationships inmyosin heads, this study was directed 
at defmition of the location of the functional lysine 
in the three-dom~n structure of chymot~ptic Sl 
heavy chain 181. The procedures used demonstrate 
the presence of the active lysine in the NH2-terminal 
MI 27 000 (27 k) domain; they provide also an effi- 
cient experimental pproach for isolation of specifi- 
cally modified 27 k segment allowing unambiguous 
characterization f the chemical structure around this 
residue. 
2. Experimental 
2,4,6*T~trobenzene sulfonate (TNBS) was from 
Serva; ~~hyrnot~ps~ and T~K-t~ps~ were from 
~~Se~ierfNorth-lowland Biomedical Press 
Worthington. Rabbit myosin was prepared according 
to 191. Subfra~ent-1 (Sl) was prepared by digestion 
of myosin Maments with ~yrnot~p~n [lo]; it was 
purified on Sephacryl S-200 and stored at 4°C in 
0.05 M Tris-HCl buffer (pH 7.5); enzyme prepara- 
tions were used in <1 week. Actin was purified 
according to [ 111. Protein concentrations for native 
and TNP-Sl were estimated using Ezm nm I%* 1 cm E 7.5 [2]; 
the absorbance value was corrected for the small con- 
tribution of the TNP group. Concentration of TNP- 
lysine was estimated using ~3~~ nm = 1.45 X lo4 cm-’ 
[2]. Concentration of 27 k and 50 k peptides was 
measured by amino acid analysis. Calculations were 
based on Sl iw; 115 k [lo]. Deter~ation of K’- 
EDTA-, Ca2+-, Mp- and acts-st~ulated ATPase 
activities was performed as in [12]. SDS-lo% poly- 
acrylamide slab gel electrophoresis was done as in [8]. 
2 .l , Trinitrophenylation of chymottyptic Sl 
Sl (10 mg/ml) was treated with IO-fold molar 
excess TNBS in 50 mM Tris-HCl buffer (pH 7.5) at 
25°C. Another enzyme sample was treated under 
identical conditions in the presence of 10 mM ATP or 
Mg’+-ATP. At suitable time intervals 5-10 ~1 aliquots 
were withdrawn from the reaction mixtures and 
assayed for K’-, Mg2+- and actin~ependent ATPase 
activities. After 5 min labeling, excess TNBS was 
eliminated by quick gel filtration over Sephadex G-25 
(coarse) in 0.025 M Tris-HCl (pH 7.5) at 25OC; this 
procedure was very efficient in stopping the chemical 
modification as assessed by enzymatic activity mea- 
surements before and following the gel filtration step. 
2.2. Limited proteolysis of modified Sl and separa- 
tion of the trinitrophenykrted heavy chain tryptic 
fragments 
TNP-S 1 (l-2 mg/ml) and TNP-S 1 complexed to 
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F-actin (molar atio a~t~:enzyme = 2) were converted 
to (27 k-50 k-20 k&S1 and (27 k-70 k)-Sl deriv- 
atives, respectively, by limited proteolysis of the heavy 
chain with a trypsin to e~yme ratio 1: 100 (w/w) for 
30 min, at 25*C, in 100 mM COsHK (PH 8.0) [8], 
Proteolysis was stopped by addition of soybean tryp- 
sin inhibitor (twice the amount of trypsin) and the 
digestion medium was lyophilized. The digest (12- 15 
mg protein) was dissolved in l-1.5 ml solution of 1% 
SDS, 2 mM EDTA, 1 mM dithiotreitol, 50 mM Tris- 
HCI buffer (pH 7.5) then heated for 5 min at 100°C. 
The ~paration of the different ryptic heavy chain 
fragments was achieved by gel filtration on two 
columns in series (each 130 X 1 .I cm) of Sephacryl 
S-200 eluted at room temperature with the same 
buffer. The effluent was monitored by spectro- 
photometry (at 230 nm and 345 nm) and by 0.1% 
SDS-lo% polyacrylamide slab-gel electrophoresis. 
3. Results and discussion 
When the reaction of TNBS with chymot~ptic Sl 
was monitored at 345 nm, it showed the kinetics 
expected for the preferential t~trophenylatio~ of 
-1 lysinefmol Sl (fig.1, curve 1). When the modifica- 
tion was performed in the presence of ATP, the trini- 
trophenylation of this fast reacting e-NH, group was 
retarded but this effect was much more prononqed 
with Mg2*-ATP (tig.1, curve 2). Because TNBS can 
TIMa (min.) 
Fig.1. Kinetics of tri~~opheny~tion of chymotryptic Sl in 
the absence and presence of Mg”-ATP. Sl, 10 nM in 0.05 M 
Tris-HCl (pH 7.5) was mixed with 100 nM TNBS. The reac- 
tion was monitored at 345 nm h~ a Gary 118 spectrophotom- 
eter at 25’C. The experiment was done in the absence (a) 
and presence (0) of 10 mM Mg’+-ATP. 
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Fig.2. Time course of changes in K’-ATPase of Sl upon trini- 
~opheny~tion in the absence and presence of ATP. Sl was 
reacted with TNBS as in Gg.1. At the time indicated 50 ~1 
aliquots were assayed for K’-ATPase. Reaction mixtures con- 
tained 10 mM ATP (o), 10 mM Mg2+ ATP (A), no nucfeo- 
tide f*). 
react with the adenosine moiety of ATP [ 131 a con- 
trol experiment with a mixture of ATP and TNBS 
was run in parallel but gave no evidence for cons~p- 
tion of the reagent by ATP under the ex~~ent~ 
conditions employed. When the enzymatic activities 
of Sl were measured during the course of the reaction, 
the K+-ATPase was found to decrease with ~creas~g 
degree of t~trophenylation (fig.2, curve 1); ATP 
and Mg2+-ATP afforded partial and complete protec- 
tion respectively (fig.2, curves 2,3). Moreover the 
Mg2”-ATPase activity was 7-fold accelarated while 
the act&dependent Mg2+-ATPase concomitantly 
decreased reaching avalue similar to that measured in
the absence of actin (fig.3); the rate of Mgzc-ATPase 
activation was es~nti~iy similar to that related to 
K’-ATPase inactivation (fig.3, inset). Together these 
results clearly indicate that all the criteria reported 
earlier for specific m~i~cation of the TN~-sen~tiv~ 
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F&.3. Effect of trinitrophenylation of Sl on the Mg*+- 
ATPase activity measured in the presence (0) and in the 
absence (A) of a&n. The experimental conditions were as in 
fii.1. Inset: determ~tion of the pseudo-firs order rate con- 
stant (&) for K*-ATPase privation (X) and h@-ATpase 
activation (0). 
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Fig.4. Fractionation of the tryptic fragments derived from 
the heavy chain of ~~i~opheny~ted (27 k-50 k-20 k)-Sl. 
The ex~riment~ conditions were as in section 2. The 
columns of Sephacryl S-200 were eluted at 7 ml/h and the 
effluent (1 .l ml) was monitored at 230 nm (e) and 345 nm 
(4). (A) Elution profilt! of Sl labeled in the absence of Mg’*- 
ATP. (B) 0.1% SDS-1 0% polyacrylamide gel-slab electro- 
phoresis of the fractions eluted in (A). Sl , native enzyme; 
‘I’, initial TNP-(27 k-50 k-20 k)-Sl derivative. 
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Fig.4. (C) Elution of Sl labeled in presence of Mg*-ATP. 
e-NH2 lysine of myosin head [2] have been fulfilled 
under our experimental conditions. 
After purification of labeled Sl over Sephadex 
G-25, the actual amount of TNP group incorporated 
in the absence and presence of Mg2+-ATP was esti- 
mated to be, respectively, 1.5 mol and 0.4 mol/mol 
Sl (table 1); as observed in [l] TNBS was still incor- 
porated into Sl in the presence of nucleotide but 
without significant effect on the enzymatic properties. 
Both the inhibited and active TNP-Sl samples were 
then submitted to a limited tryptic proteolysis which 
is known to convert he monomeric 95 k heavy chain 
of native Sl into a three-fragment complex of ikf, 
27 k-50 k-20 k [8]; no apparent effect of the chem- 
ical modification on this fragmentation pattern was 
noted after analysis of the digestion medium with gel 
electrophoresis. The digests could be fractionated on 
Sephacryl S-200 in a dissociating medium (fig.4A). 
Two well-separated peptide peaks were obtained and 
analyzed by slab-gel electrophoresis (tigAB). The first 
peak (fractions 72-79) was pure 50 k fragment. The 
second peak contained the 27 k peptide in the leading 
edge (fractions 8 l-85) and the 20 k fragment as well 
as light chain 3 and the breakdown products of light 
chain 1 [8] in the trailing edge (fractions 85-91); a 
trace amount of the transient NH,-terminal 75 k 
fragment was present in the initial 66-69 fractions 
Table 1 
Amount of TNP groups incorporated into Sl and its heavy 
chain tryptic fragments in the absence and presence of 
Mg*+-ATP 
Protein 
prep. 
TNP group incorporation/mol Sl 
Mg’+-ATP Mg*+-ATP 
absent present 
K+-ATP- 
ase 
Sl 
1.3-1.5 2% 
0.3-0.4 90% 
27 k 
fragment 
0.9-l .2 0.2 
50k 
fragment 
0.2 0.1 
of the effluent. About 1.2 mol TNP group/m01 Sl
(80% of the total AW5 in the material put on the 
column) were associated with the 27 k peptide con- 
taining fractions and -0.2 mol TNP group/m01 Sl 
were within the 50 k peptide peak (fig.4A, table 1). 
The fractionation of the ATP-protected Sl showed 
the small TNP absorbance of the sample to be evenly 
distributed over 27 k and 50 k fragments @gBC, 
table 1). 
To ascertain that 27 k peptide represents he major 
site for binding of the TNP group, it was necessary to 
isolate this peptide free of 20 k fragment. A decisive 
separation ofthe 27 k element from the contaminating 
20 k peptide was achieved by first digesting with 
trypsin the complex actin-inhibited TNP-Sl ; because 
actin binding to Sl affords complete protection of the 
50 k-20 k junction against proteolysis, the heavy 
chain is split into only 2 fragments of Mr 27 k and 
70 k [8]. After Sephacryl gel filtration (fig.SA), the 
27 k unit (fractions 81-88) was obtained in almost 
pure state as assessed by gel electrophoresis of the 
column effluent (fig.SB) and by amino acid analysis. 
It was found to contain 0.90 mol TNP/mol Sl cor- 
responding to 70% of the total TNP absorbance of
the sample; the remaining material absorbing at 345 
mn was eluted as 70 k peptide (fractions 68-7 1). 
Thus the amount of TNP group bound to 27 k pep- 
tide closely accounts for the observed K+-ATPase 
inhibition. 
Our results are in contrast with [ 141 which sug- 
gests, without providing experimental evidence, that 
the TNP-lysine is located in either the 20 k or 50 k 
peptides but not in the 27 k unit. This proposal is 
unlikely. Here, we did not observe appreciable abeling 
of the 20 k material; also, the covalent structure of 
186 
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3 5 the 20 k peptide [ 151 does not show the 4-residue 
sequence containing the modified lysine [7]. As 
TNBS is reacting preferentially but not exclusively 
with the 27 k segment, he fractional amount of 
TNP group incorporated into the 50 k peptide can be, 
on the contrary, a potential source of misleading 
results; trinitrophenylation of 50 k unit significantly 
increases under non-controlled conditions (use of 
aged Sl preparations or long reaction time); Mg2+- 
ATP decreased TNP group incorporation into 27 k 
material only. TNP-lysine in the 27 k peptide was 
advocated in [16] but without experimental support. 
The actin-modulated fragmentation of Sl heavy 
chain into 27 k and 70 k fragments provides a specific 
way for simple isolation of the native or modified 
NH2-terminal component which may be used for 
sequence studies. Binding of nucleotides to TNP-Sl 
changes the environment of the functional lysyl 
residue [171. Recently, the 27 k fragment was found 
to be involved in the covalent attachment of an inhib- 
itory arylazido analogue of ATP [ 181. These findings 
together with this investigation, which illustrates the 
localization of the reactive lysine within the 27 k frag- 
ment, suggest that the NH2-terminal domain of Sl 
heavy chain may be part of myosin ATPase site. 
FRACTION NUMBER 
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Fig.5. (A) Fractionation of the tryptic fragments derived 
from the heavy chain of trinitrophenylated (27 k-70 k)-Sl. 
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